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Objective. To determine the risk of incident cartilage damage at follow-up in subregions that are undamaged at baseline, by comparing tibiofemoral joint compartments with a baseline focal partial-thickness or full-thickness cartilage defect against compartments without any baseline cartilage damage, in knees with and those without radiographic osteoarthritis (OA).
Methods. We included participants in the Multicenter Osteoarthritis Study for whom there were semiquantitative magnetic resonance imaging readings at baseline and at 30 months. We estimated the risk of incident cartilage defects developing in tibiofemoral compartments with prevalent partial-thickness and full-thickness cartilage defects in only one subregion within the compartment, using tibiofemoral compartments with no baseline cartilage defects as a referent. Logistic regression with generalized estimating equations was used for all analyses, with adjustments for confounders.
Results. A total of 374 compartments (359 knees) were included, and 140 knees (39%) had radiographic OA. Compared to compartments with no baseline cartilage defects, those with partial-thickness (adjusted odds ratio 1.62 [95% confidence interval 1.06-2.47]) and full-thickness (adjusted odds ratio 1.92 [95% confidence interval 1.00-3.66]) cartilage defects in a subregion had a higher risk of incident cartilage defects in other subregions in the same compartment.
Conclusion. Prevalent focal cartilage defects, regardless of defect depth, in a single subregion within a tibiofemoral joint compartment increase the risk of developing new cartilage damage in other subregions of the same compartment for middle-aged to elderly persons with or at high risk of knee OA.
Prevalent cartilage defects are one of the risk factors for further cartilage loss (1, 2) . For example, one study showed that prevalent cartilage defects predict patellofemoral and tibiofemoral cartilage loss in the same subregion over a 6-month period (1) . Two longitudinal studies with a 2-year follow-up period showed that the presence of partial-thickness medial tibiofemoral cartilage defects identifies asymptomatic individuals at risk of knee cartilage loss in the absence of radiographic knee osteoarthritis (OA), and that prevalent knee cartilage defects are predictive of compartment-specific cartilage volume loss over 2 years, with a dose-response association (3, 4) . Another recent study based on the Multicenter Osteoarthritis Study (MOST) cohort demonstrated that prevalent small (,1 cm in width) focal cartilage defects at baseline were associated with increased risk of subsequent cartilage loss in subregions of the knee compared with subregions without any baseline cartilage defects (2) . However, what remains to be determined is the relevance of the depth of small focal cartilage defects in the setting of development of new cartilage damage in a knee compartment.
A small focal cartilage defect does not cause joint space narrowing on radiography and therefore can be present in radiographically normal knees (5, 6) . These small lesions can potentially be treated by cartilage repair surgery (7) . However, the question remains of whether a focal partial-thickness cartilage defect is as relevant as a fullthickness lesion to OA disease progression. A recent study using data from the Osteoarthritis Initiative and semiquantitative magnetic resonance imaging (MRI) analysis of cartilage defects showed that the presence of full-thickness cartilage defects (as opposed to partial-thickness cartilage defects only) was associated with knee replacement surgery at a later time point (8) . We therefore aimed to determine the risk of incident cartilage damage at follow-up in any subregions that were undamaged at baseline by comparing tibiofemoral joint compartments with a baseline focal partialthickness or full-thickness cartilage defect against compartments without any baseline cartilage defects or other damage as a referent.
PATIENTS AND METHODS
Study subjects. Subjects were participants in the MOST study, a prospective study of 3,026 persons ages 50-79 years with a goal of identifying risk factors for incident and progressive knee OA in a sample either with OA or at high risk of developing the disease. Subjects were recruited from 2 communities in the US: Birmingham, AL and Iowa City, IA. Details of subject inclusion, exclusion, and recruitment have been described previously (9, 10) . The study protocol was approved by the institutional review boards at the University of Iowa, University of Alabama at Birmingham, University of California, San Francisco, and Boston University Medical Campus, and written informed consent was obtained from all participants. The study was conducted with the approval of the Institutional Review Board at Boston University School of Medicine.
We included only tibiofemoral joint compartments that had 1 subregion with a small (,1 cm in width) focal full-thickness or partial-thickness cartilage defect at baseline and all other subregions within the same compartment having no cartilage defects or other damage at baseline. The inclusion and exclusion process is summarized in Figure 1 .
Radiographs. All subjects underwent weight-bearing posteroanterior fixed-flexion knee radiographs using a positioning frame (SynaFlexer; Synarc) (11) at baseline. A musculoskeletal radiologist (a non-author) and a rheumatologist (DTF) who were blinded to clinical data graded radiographs according to the Kellgren/Lawrence (K/L) scale (12), followed by an adjudication process (by 2 non-authors and DTF).
Full-limb radiographs of both legs were obtained at baseline. The mechanical axis was defined as the angle formed by the intersection of a line from the center of the head of the femur to the center of the tibial spines and a line from the center of the talus to the center of the tibial spines. Varus alignment was defined as a hip-knee-ankle angle of ,1798; 179-1818 was considered neutral, and valgus alignment was defined as a hip-knee-ankle angle of .1818. MRI acquisition. In the MOST parent study, MRI was performed using a 1.0T extremity-based OrthOne scanner (ONI Medical Systems). Images were acquired using a circumferential extremity coil using a fat-suppressed, fast spin-echo, proton density-weighted sequence in 2 planes, sagittal (repetition time MRI interpretation. MRI readings at baseline and 30-month follow-up were performed independently by 2 musculoskeletal radiologists (AG,FWR) with 13 and 11 years of experience, respectively, in semiquantitative MRI assessment of knee OA. Images were assessed using eFilm software (version 2.0.0; Merge Healthcare).
Baseline focal cartilage defects were defined according to the Whole-Organ Magnetic Resonance Imaging Score (WORMS) system (13) . Grade 2 represents focal partial-thickness cartilage defects ,1 cm in greatest width. Grade 2.5 represents focal fullthickness cartilage defects ,1 cm in greatest width.
As covariates for the statistical analyses, the following MRI features were also scored using the WORMS system. Hoffa synovitis was defined as abnormal hyperintensity within the Hoffa's fat pad and graded 0-3 (0 5 normal, 1 5 mild, 2 5 moderate, 3 5 severe). Effusion synovitis was graded 0-3 based on the degree of maximal distension of the synovial cavity (0 5 normal, 1 5 ,33%, 2 5 33-66%, 3 5 .66% of maximum potential distension). Meniscal damage was graded 0-4 according to severity (0 5 normal, 1 5 minor radial tear or parrot-beak tear, 2 5 nondisplaced tear or prior surgical repair, 3 5 displaced tear or partial resection, 4 5 complete maceration/destruction). Meniscal extrusion was scored either present (grade 1) or absent (grade 0). Subchondral bone marrow lesions were scored from 0 to 3 based on the extent of subregional involvement (0 5 none, 1 5 ,25%, 2 5 25-50%, 3 5 .50% of the subregion).
Statistical analysis. We included tibiofemoral joint compartments with cartilage damage grade 2.0 or 2.5 in one subregion at baseline and no morphologic cartilage damage (grade 0) in all other subregions within the same compartment. Compartments with maximum cartilage damage grade .2.5 at baseline were not included in our study. We determined risk of incident cartilage loss (i.e., development of new cartilage damage grade $2.0) at follow-up in any subregions that were undamaged at baseline, comparing tibiofemoral joint compartments with baseline cartilage damage grade 2.0 or 2.5 against compartments without any baseline cartilage damage (grades 0 and 1) as a referent. We also directly compared risk of incident cartilage loss in any undamaged subregions for tibiofemoral joint compartments with focal full-thickness (grade 2.5) cartilage damage at baseline against compartments with focal partial-thickness (grade 2.0) cartilage damage at baseline. The weighted kappa coefficient for interobserver reliability for readers who performed the MRI semiquantitative readings using the WORMS system was 0.78 for cartilage defect assessment in the MOST study, as reported previously (14) . For all analyses, we employed logistic regression with generalized estimating equations to account for correlations among multiple subregions/compartments within a knee. Odds ratios (ORs) are provided with 95% confidence intervals (95% CIs). Adjustments were performed for potential confounders, including baseline body mass index, age, sex, radiographic K/L grade, malalignment, effusion synovitis, Hoffa synovitis, meniscal damage and extrusion, and bone marrow lesions. We also performed an additional analysis excluding subjects with radiographic joint space narrowing (K/L grade 3 and 4) to see whether the presence of joint space narrowing would affect the results of our analysis. All analyses were performed using SAS software, version 9.1 (SAS Institute). Table 1 summarizes demographic characteristics of the included subjects. A total of 374 compartments (359 knees) were included. A total of 140 knees (39%) had radiographic OA (K/L grade $2). Compared to compartments with no baseline cartilage damage (grade 0 or 1) as a referent, those with both partial-thickness and full-thickness cartilage defects had significantly higher risk of incident cartilage damage in the other subregions at follow-up (adjusted OR 1.62 [95% CI 1.06-2.47] for partial-thickness defects and adjusted OR 1.92 [95% CI 1.00-3.66] for fullthickness defects) ( Table 2 ). There was no significant difference between compartments that had partial-thickness cartilage defects at baseline and those that had full-thickness cartilage defects at baseline in risk of incident cartilage damage in the other subregions in the same tibiofemoral joint compartment at follow-up (adjusted OR 1.26 [95% CI 0.59-2.70] for full-thickness cartilage defects, compared against partial-thickness cartilage defects as a referent). An additional analysis excluding subjects with K/L grades 3 and 4 did not change our results significantly (Table 2 ).
RESULTS

DISCUSSION
Our study showed that prevalent focal cartilage defects increased the risk of developing incident cartilage damage in the same tibiofemoral joint compartment, regardless of defect depth. Partial-thickness and fullthickness defects are similarly relevant to development of cartilage damage in knee OA.
Multiple studies have shown that prevalent cartilage damage is associated with worsening of existing cartilage damage assessed semiquantitatively and quantitatively (1) (2) (3) (4) 10, 15) . However, it has not been well established whether the depth of focal cartilage defects affects development of incidental cartilage damage in a knee compartment.
In OA research, studies of focal cartilage defects are relevant, as these defects are frequently present in knees with no or minimal radiographic evidence of knee OA. A recent population-based study showed that MRIdetected partial-thickness (grade 2.0) and full-thickness (grade 2.5) focal cartilage defects are present within the medial central subregion of the femur in 95 of 696 (14%) radiographically normal knees with K/L grades 0 and 1 (5) .
It is potentially important to detect focal cartilage defects early, as there are various options for repairing them (7) . MRI is an imaging tool that can noninvasively detect focal partial-thickness and full-thickness cartilage defects (6) . This opens up a possibility that MRI can be used to screen persons with early stage OA or those at high risk of OA and initiate treatment for focal cartilage defects. It has been shown that the presence of MRI-detected partial-thickness medial tibiofemoral cartilage defects identifies healthy individuals most likely to lose knee cartilage in the absence of radiographic knee OA, and that Evaluation of focal cartilage defects is not possible with radiography, the current gold standard for OA imaging. Our study focused on semiquantitative assessment of MRI-detected cartilage damage. Various studies have shown that quantitative cartilage morphometry is an important alternative to semiquantitative analysis, and it is not yet known whether depth of focal cartilage damage at baseline affects loss of cartilage volume or thickness over time. It is important to note that quantitative MRI technique is limited in its ability to assess focal cartilage defects, and thus semiquantitative analysis is the method of choice for evaluating partial-thickness and full-thickness focal cartilage defects on MRI (16, 17) .
Our study population consisted of those who had very little cartilage damage based on MRI findings. However, 39% of knees had radiographic OA, implying that those participants either had definite osteophytes (giving rise to K/L grade 2, 23% of knees) without joint space narrowing or had joint space narrowing secondary to meniscal damage/ extrusion without much cartilage damage (K/L grades 3 and 4, 16% of knees) (18) . Lack of arthroscopic confirmation of focal cartilage defects is a limitation of our study; however, due to the epidemiologic nature of the MOST study, it was not feasible to obtain arthroscopic images.
In conclusion, prevalent focal cartilage defects increase the risk of developing incident cartilage damage in the same tibiofemoral joint compartment, regardless of defect depth, in middle-aged to elderly persons who have or are at high risk of knee OA. Our findings imply that even subcentimeter partial-thickness cartilage defects are as relevant as full-thickness defects to development of new cartilage defects in the OA disease process.
